The objective of the present study is to evaluate the α-amylase inhibitory and antioxidant activities, as well as the total phenolics content of methanol (80:20 v/v) and aqueous bark extracts of T. orientalis through in vitro analyses. Preliminary phytochemical profiling was performed to identify the bioactive constituents. Toxicity screening was also determined through brine shrimp lethality assay. Phytochemical screening revealed the presence of various chemical compounds with some identified phytoconstituents using GC-MS. Data indicated that methanol extract exhibited high DPPH scavenging ability and α-amylase inhibitory activity with IC50 values of 48.40 μg/ml and 127.56 μg/ml, respectively. Furthermore, higher total phenolics content was determined in the methanol extract than the aqueous extract. The results suggest that the bioactivity could be due to the synergistic effect of the active compounds, with emphasis on the phenolic compounds (phenols, flavonoids and tannins). The methanol fraction was also shown to have a weak cytotoxicity against brine shrimp. However, the aqueous extract prepared through decoction revealed to be non-toxic, thus supporting the safety of traditional preparation. The combined effects of α-amylase inhibitory and antioxidant activities of bark extract of T.
Introduction
Alpha-amylase is one of the pancreatic carbohydrate hydrolyzing enzymes that initiates starch hydrolysis into smaller oligosaccharides and disaccharides which are further degraded to glucose by the alphaglucosidase enzyme for absorption into the blood (Kamtekar et al., 2014) . This starch digestion proceeds at high rate leading to increase postprandial hyperglycemia (PPHG) . Studies have shown that HPA (human pancreatic α-amylase) activity in the small intestine correlates to hyperglycemia, which is the earliest metabolic defect to occur in diabetes mellitus (DM) (Kim et al., 2005; Matsui et al., 1996) . Hence, the inhibition of all or some of the pancreatic amylase through alpha-amylase inhibitors is currently one of the therapeutic strategies for DM management as it delays the carbohydrate digestion, thereby, decreases PPHG. However, conventional oral inhibitors have been reported with gastrointestinal side effects like bloating, abdominal pain, diarrhea, and flatulence in diabetic patients (Sudha et al., 2011) .
It has been proposed that oxidative stress play a pivotal role in the pathophysiology of diabetic complications. Oxidative stress occurs when there is an imbalance between antioxidants and ROS due to either depletion of antioxidants or accumulation of ROS (Birben et al., 2012) . Evidences showed that hyperglycemia induced oxidative stress and increase Advanced Glycation End (AGE) product formation (Lazo-de-la-Vega-Monroy and Fernandez-Mejia, 2013; Perera et al., 2013) . This is further exacerbated with the decrease of antioxidant levels in diabetic patients (Johansen et al., 2005) .
In view of this background, a drug or therapy that can elicit alpha-amylase inhibitory and antioxidant activities is a good potential candidate for antidiabetic agents. Plants have rich antioxidants and are unexplored source of potential hypoglycemic drugs.
Recent studies have shown that secondary metabolites such as polyphenolic compounds can be linked to intestinal α-glucosidase and pancreatic α-amylase inhibitory activities in vitro. Geraniin in Nephelium lappaceum was found to inhibit α-glucosidase, α-amylase, aldose reductase and AGEs formation (Palanisamy et al., 2011) . However, most plant species with high potential are not employed in standard diabetes care due to their unknown mechanism and lack of clinical validation (TrojanRodrigues et al., 2011) . antiplasmodial potential supporting its traditional use (Rout et al., 2012; Mpiana et al., 2011; Abiodun et al., 2011; Panchal et al., 2010; Uddin et al., 2008; Chowdhury and Islam, 2004 
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Materials and methods
Plant Sample Collection and Processing
Fresh 
Plant Extraction
The methanol extract was prepared using 15.0 g of 
Preliminary
Screening of Phytochemical
Constituents
The methanol extract of T. orientalis bark was subjected to preliminary screening of phytochemical constituents using the protocol of Sermakkani and Thangapandian (2010) and Ayoola et al. (2008) .
Test for Tannins
Approximately 0.25 g of extract was boiled in 5.0 ml distilled water in a test tube and filtered. A few drops 0.1% ferric chloride were added to the filtrate and observed for brownish green or blue-black coloration.
Test for Steroids
The crude plant extract (0.5 mg) was dissolved in chloroform (5.0 ml), and then added with an equal volume of concentrated H2SO4 draining along the sides of the test tube. A red color change in the upper layer in the test tubes into red and a yellow color change with green fluorescence in the lower layer indicated the presence of steroids.
Test for Terpenoids
About 0.25 g each of the extract was mixed with 1 ml of chloroform and then 1.5 ml of H2S04 was carefully added to form a layer. A reddish brown coloration of the interface indicated the presence of terpenoids.
Test for Flavonoids
Approximately 0.25 g of the crude extract was heated with 10 ml of ethyl acetate over a steam bath for 3 min. The mixture was filtered and 4 ml of the filtrate was mixed thoroughly with 1 ml of dilute ammonia solution. A yellow coloration indicated the presence of flavonoids. 
Test for Saponins
Test for Phenols
One millilitre (ml) of the sample stock solution (0.25g/ml) was added with 2.0 ml of distilled water followed by few drops of 1% ferric chloride solution.
Formation of blue or green color indicated the presence of phenols.
Test for Alkaloid
About 0.25g of the crude sample was diluted to 10.0 ml with HCI, warmed and filtered. Two millilitres (ml) of dilute ammonia were added to 5.0 ml of the filtrate followed by 5 ml of chloroform and shaken 36 Trono et al.
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gently to extract the alkaloidal base. The chloroform layer was extracted with 10.0 ml of acetic acid.
Formation of a cream precipitate with Mayer's reagent indicated the presence of alkaloids.
Determination of total phenolics content
Total phenolics content was determined using the 
Determination of in vitro α-amylase inhibitory activity
This assay was carried out using modified procedure of Das et al. (2015) . A 500.0 μl aliquot of samples and Acarbose (standard) (200-800 μg/ml) was added to 500.0 μl of 0.20 mM phosphate buffer (pH 6.9) solution containing 0.5mg/ml of α-amylase and incubated at 25°C for 10 min. One percent starch solution (500 μl) in 0.02 M sodium phosphate buffer (pH 6.9) was added to each tube at timed interval.
Reaction mixtures were incubated at 25°C for 10 minutes. The reaction was halted with 1.0 ml of 3, 5 dinitrosalicylic acid reagent. The test tubes were incubated in a water bath for 5 min and allowed to cool to room temperature. Reaction mixture was diluted by adding 10 ml distilled water and absorbance was measured at 540 nm using UV-Vis spectrophotometer (SHIMADZU UV mini 1240). The control represented 100% enzyme activity and was prepared by replacing extract with water (aqueous extract) or methanol (methanol extract). The inhibition activity (%) of DPPH was calculated using the following equation:
% inhibition activity = I0 -IS/I0 x 100.
where I0 is the absorbance of the control and IS is the absorbance of the tested extract.
Determination of free radical scavenging activity by DPPH assay DPPH (2,2 diphenyl-2-picrylhydrazyl hydrate) (Sigma) scavenging activity was determined in vitro using a spectrophotometric method adopted from a modified method of Perera et al. (2013) . where A0 is the absorbance of the control and AS is the absorbance of the tested extract.
Gas Chromatography-Mass Spectrometry to determine semi-volatile phytochemicals in plant materials
The methanol crude extract of T. orientalis was Percentage mortality (%M) was also calculated using the following equation:
All experiments were performed in triplicates. Data were expressed in Mean ± SD. Linear regression was calculated using SPSS version 20. One-way ANOVA with Tukey's Post hoc test was calculated using in GraphPad Prism 6. Difference at p< 0.05 was considered statistically significant.
Results and discussion
Preliminary Screening of Phytochemical
Constituents
Qualitative phytochemical analysis of T. orientalis bark indicated the presence of phenol, flavonoids, tannins, saponins, alkaloids, and terpenoids (Table 1) . 
Determination of α-amylase inhibitory activity
One of the current approaches in diabetes management is the reduction of postprandial hyperglycemia (PPHG) through inhibition of either α-amylase or glucosidase enzymes (Kazeem et al., 2013) . In an attempt to explore the antidiabetic property of plants, this present study assessed the α- (Table 3 ). The IC50 value refers to the concentration required to inhibit 50% of the biological or biochemical function.
Generally, lower IC50 value means the inhibitor has great potency.
According to the results obtained, the methanol extract has significantly higher α-amylase inhibition percentage per concentration than aqueous extract, with a low IC50 which is four-fold higher compared to the IC50 value of acarbose. The 50% inhibitory concentration of aqueous extract was 12-fold higher than the standard acarbose. Hence, 80% methanol showed better α-amylase inhibitory activity than aqueous extract (decoction).
The result of this study suggests that α-amylase inhibitory activity of the T. orientalis bark tends to favor extraction in polar solvent which is similar to the results of other studies (Hashim et al., 2013) . This 
Determination of free radical scavenging activity by DPPH assay
Results of the present study indicated that the different extracts (aqueous and methanol) of T.
orientalis have a concentration-dependent increase in scavenging activity of DPPH (Fig. 2) . The methanol extract exhibited comparable inhibitory activity to standard ascorbic acid in each concentration.
Aqueous extract showed moderate scavenging activity in each concentration. The methanol extract, with an IC50 value of 48.40 μg/ml, exhibited a higher antioxidant activity than aqueous extract (IC50 value= 55.69 μg/mL) ( Table 4) . (Kim et al., 2012) . Hence, the antioxidant activity of T. orientalis could be beneficial as a diabetes treatment since it may aid in the prevention of the development of micro-or macrovascular diabetic complications. Although the presence of flavonoids and polyphenols could contribute to hypoglycemic and scavenging activities of the extracts, the specific phytoconstituents which may be responsible for these activities were identified through GC-MS analysis.
Preliminary screening on methanol extract detected 51 peaks, however, compounds were in too low concentrations to be correctly identified (<60% similarity index) (Fig. 3) . Majority of the compounds detected are hydrocarbons which coincide with the earlier studies (Table 5) This monoterpene has been reported to have antidiabetic, anti-inflammatory and antioxidant activity (Murali et al., 2013; Murali and Saravanan, 2012 Data expressed in mean ± SD, n = 3. *p<0.05, nonsignificant (ns) compared to ascorbic acid.
Brine Shrimp Lethality Assay
The toxicity and antitumor potential of plant extracts were also assessed using brine shrimp assay. Results of the present study expressed a directly proportional relationship between the extract concentrations and time exposure to mortality percentage of A. salina nauplii (Table 6 ). Highest mortality was observed at 1000 μg/ml in methanolic extract with 83.33% at 24
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hours and lowest mortality was recorded at 100 μg/ml with 0% mortality for both methanolic and aqueous extracts. Mortality percentage was significantly lower in aqueous extracts in all tested concentrations than in methanolic extracts. However, in both extracts mortality percentage increased upon chronic exposure (24 hours) to the extracts. An LC50 value < 1000 µg/ml is considered as bioactive in standard brine shrimp lethality bioassay for toxicity evaluation of plant extracts (Meyer et al., 1982) .
Fig. 3. GC-MS chromatogram of methanol extract of T. orientalis bark of identified peaks (similarity at ≥60%).
Specifically, cytotoxic activity is considered weak or low within 500-1000 µg/ml LC50 values, moderate within 100-500 µg/ml LC50 values, strong when the LC50 ranges from 0 to 100 µg/ml (Clarkson et al., 2004) , and defined as non-toxic when the LC50 value is greater than 1000 µg/ml (Meyer et al., 1982) .
Based on this benchmark, the methanol extract is considered to have a weak cytotoxic activity upon chronic exposure (LC50:1457.38 μg/ml at 6 h and LC50: 592.34 μg/ml at 24 h) ( Table 7) .
This may indicate that T. orientalis may contain potent bioactive compounds. As identified by GC-MS, the presence of undecane may have contributed to its weak toxicity. Undecane is an antimicrobial agent and used as a carcinogen (Krishnamoorthy and Subramaniam, 2014) .
On the other hand, aqueous extracts were revealed to have LC50 value >1000 μg/ml, thus were inactive suggesting that decoction preparation possessed no acute or chronic toxicity and may support the safety of traditional preparation methods.
Conclusion
The present study demonstrated a positive antioxidant and α-amylase inhibitory activities of T.
orientalis bark. Positive bioactivity demonstrated by extracts could be due to the synergistic effect of the active compounds, with emphasis on the phenolic compounds (phenols, flavonoids and tannins). Higher total phenolics content was also exhibited in methanol extract than aqueous extract.
However, only hydrocarbons and d-limonene were properly identified by GC-MS in high concentrations while other phytoconstituents were detected in too low concentrations with ≤60% similarity index.
In addition, traditional preparation (decoction) is revealed to be non-toxic and methanol extract exhibited weak toxicity against brine shrimp assay.
Thus, the result of this study provides pharmacological evidence on the antidiabetic potential of T. orientalis bark and its traditional use as a diabetes treatment.
